Emotions are expressed more clearly on the left side of the face than the right: an asymmetry that probably stems from right hemisphere dominance for emotional expression (right hemisphere model). More controversially, it has been suggested that the left hemiface bias is stronger for negative emotions and weaker or reversed for positive emotions (valence model). We examined the veracity of the right hemisphere and valence models by measuring asymmetries in: (i) movement of the face; and (ii) observer's rating of emotionality. The study uses a precise three-dimensional (3D) imaging technique to measure facial movement and to provide images that simultaneously capture the left or right hemifaces. Models (n = 16) with happy, sad and neutral expressions were digitally captured and manipulated. Comparison of the neutral and happy or sad images revealed greater movement of the left hemiface, regardless of the valence of the emotion, supporting the right hemisphere model. There was a trend, however, for left-sided movement to be more pronounced for negative than positive emotions. Participants (n = 357) reported that portraits rotated so that the left hemiface was featured, were more expressive of negative emotions whereas right hemiface portraits were more expressive for positive emotions, supporting the valence model. The effect of valence was moderated when the images were mirror-reversed. The data demonstrate that relatively small rotations of the head have a dramatic effect on the expression of positive and negative emotions. The fact that the effect of valence was not captured by the movement analysis demonstrates that subtle movements can have a strong effect on the expression of emotion.
INTRODUCTION
A right cerebral hemisphere advantage for processing emotional information is supported by electroencephalographic research (Pihan et al. 1997) as well as clinical observations of patients with right-brain damage (Heilman et al. 1984) . Evidence for hemispheric differences in emotional processing is also written on our faces, in the differential emotional expressivity of the two sides of the face (Darwin 1872) . Composite photographs, created by splitting normal and mirror-reversed images of faces down the midline and then recombining them to form left-left or right-right composites, show that the left composite is judged as more emotionally expressive than is the right, reflecting a right-hemisphere dominance for emotional expression (Moreno et al. 1990; Asthana & Mandal 1997) . Even for photographic portraits where the model turns the left or right cheek, the portrait featuring the left hemiface is judged to be more emotionally expressive than the right: irrespective of whether the image is mirror-reversed (Nicholls et al. 2002) . Although emotional expression can be driven by changes in coloration, such as blushing (Cutlip & Leary 1993) or pupil dilation (Janisse & Peavler 1974) , most expressions are achieved through movement of muscles on the face (Bartlett et al. 1999) . Studies investigating asymmetries in movement corroborate subjective ratings by demonstrating that the muscles of the left hemiface move more than their counterparts on the right during emotional expression (e.g. Dimberg & Petterson 2000) . Such asymmetries in expression are thought to arise because the muscles of the lower face are controlled by the contralateral hemisphere (Brodal 1965) .
Although some studies show that the left side of the face is more emotionally expressive, regardless of the type of emotion (e.g. Borod et al. 1988) , several reviews report a trend for the left-bias to be more pronounced for negative than for positive emotions (Skinner & Mullen 1991; Borod 1993; Borod et al. 1997) . Using a rating study, Yecker et al. (1999) reported that observers found positive and negative emotions were expressed more intensely in the right and left hemifaces (respectively) for videotaped images. This study, however, appears to be the exception and support for a valence effect is generally scarce among studies investigating subjective ratings of facial asymmetries (Borod et al. 1997) . Evidence is more forthcoming, however, from research measuring asymmetries in movement. For example, Richardson et al. (2000) reported greater left-sided movement of the lower face on digitized video images in negative expressions but greater rightsided movement in positive expressions (see also Brockmeier & Ulrich 1993).
Such differences in emotional expression may be based in the different information processing styles of the hemispheres. Visual field studies have found the right hemisphere is superior at processing negative or sad emotional information whereas the left hemisphere performs better with positive or happy information (Natale et al. (1983) , but see also Magnussen et al. (1994) ). Patients with their left hemisphere anaesthetized by the introduction of sodium amobarbital into the left carotid artery (the Wada Test) are reported by observers to produce 'depressivecatastrophic' reactions, whereas deactivation of the right hemisphere produces 'euphoric-maniacal' reactions (Lee et al. 1993) . Hemispheric specialization for emotional valence may be linked to cerebral lateralization for approach and avoidance behaviours in the anterior regions of left and right hemispheres, respectively. For a review of the neural mechanisms that might underlie this asymmetry see Heilman (1997) . Rogers (2000) argues that this pattern of hemispheric specialization can be found in most vertebrates and stretches back to some of the earliest forms, such as fish and amphibians.
Evidence for the lateralization of emotional expression comes from methodologically diverse sources rather than replication (Silberman & Weingartner 1986 ), leading to calls for valid and reliable elicitation procedures and assessment techniques (Borod 1993 ). This study combined subjective ratings with movement analyses to investigate hemifacial asymmetries in emotional expressivity. Images were captured and movement analysed by using a three-dimensional (3D) physiognomic range finder. Because the 3D physiognomic range finder can measure movement over the entire face (Yoshino et al. 2000) , it offers a significant improvement over earlier measurements of facial movement over a small area (e.g. Wylie & Goodale 1988) or of discrete muscles (e.g. Schwartz et al. 1979 ) and provides a replicable, objective and precise measure of facial movement (Stromland et al. 1998) .
Our study sought to clarify whether emotional expression is lateralized to the left hemiface and if this lateralization is stronger for negative emotions and weaker or reversed for positive emotions. In the first part of this study, the extent of movement from neutral to happy or sad facial expressions was measured. Rather than splitting the face down the middle and measuring movement on the left and right sides, we turned the portraits 35°to the left or right (see figure 1 ) and measured movement of the entire face. Although both portraits contain features from both sides of the face, the portrait turned to the left shows significantly more of the right side of the face (and vice versa for the rightward portrait). An advantage of this method of measuring asymmetries in movement was its compatibility with the subjective rating study (the second part of the study), where the same images were rated for emotional expressivity. It was anticipated that these images, which resemble a normal portrait, would provide a more naturalistic test of hemifacial asymmetries than the relatively artificial composite photographs where differences in the external anatomy, such as facial widths, influence perceptions of emotionality (Koff et al. 1981; Stringer & May 1981) . The 3D digital camera used in the present study is methodologically superior to previous studies investigating the effect of posing direction on emotional expressivity where the model had to change Proc. R. Soc. Lond. B (2004) their pose for each condition (e.g. Nicholls et al. 2002) because all conditions are captured simultaneously. Levy et al. (1983) demonstrated that, under free-viewing conditions, observers attend more to the side of the face that falls in their left hemispace (i.e. the right side of the model's face). To control for observer perceptual biases for faces (Gilbert & Bakan 1973; Levy et al. 1983; Yecker et al. 1999) or aesthetic preferences for portraits in certain orientations (McLaughlin & Murphy 1994) , mirrorreversed images were included.
METHOD (a) Part 1: movement analysis (i) Participants
Sixteen right-handed (Oldfield 1971 ) models, aged between 18 and 48 years were used. Models were naive to the specific aims of the study and were drawn randomly from acquaintances of the second author. Most models (ca. 80%) were of European descent.
(ii) Apparatus Facial expressions were captured by using a 3D physiognomic range finder 'Fiore' manufactured by NEC, Japan (Yoshino et al. 2000) . Fiore works by projecting a series of horizontal sinusoidal 'waves' of light onto the face and moving them up and down the surface of the face over a 2.5 s period. During this time, 16 images are captured from two different perspectives by digital cameras. By comparing the images taken by the two cameras across the different line positions, a 3D range image was created. The resolution of the images was 480 pixels × 640 pixels and could locate features on the face with an accuracy of 0.16 mm. Rotation, superimposition and measurement were conducted in '3D-Rugle3' (Medic Engineering, Kyoto, Japan).
(iii) Procedure
Models were photographed while posing with positive (happy), negative (sad) and neutral expressions. They were asked to show the most intense expression of happiness or sadness they could and were given a mirror and time to practice their expression. Neutral ('no emotion') expressions were captured first, followed by happy and sad conditions, with their order balanced across models. Models' faces were lit symmetrically and they sat 1 m from the detector. A black faceless balaclava was worn to screen out unwanted features such as hair and ears.
The images were digitally rotated ϩ35°and Ϫ35°on the y-axis to show more of either the left or right sides of the model's face (see figure 1a ). Movement associated with the expression of emotion was measured by aligning the positive and negative images exactly over the neutral (baseline) image. Inter-surface distance between the images was measured in millimetres with a proprietary program (3D-Rugle3). Figure 1b shows an example of the left and right movement maps produced for one model in the sad condition. The amount of movement between the expression and the baseline condition, both inward and outward, perpendicular to the surface of the face is represented by a spectrum of colours. diverse, although most (ca. 65%) were of European descent. There was no screening for mental illness as the numbers suffering from such illnesses were expected to be low.
(
ii) Stimuli
Sixty-four A4 (297 mm × 210 mm) pages of 600 d.p.i. coloured transparencies were created from images captured in the first part of this study. Each page showed two images of the same model, with the head turned either 35°to the left or right (see figure 1a) . Order of placement of the images (top or bottom) on the page was controlled. Four pages of images were produced for each of the 16 models. The four pages represented the factorial combinations of orientation (normal, mirror) and valence (happy, sad).
(iii) Procedure
Images were presented on an overhead projector in a classroom setting to groups of ca. 27 students. Care was taken to ensure that all participants had a clear view of the stimuli and that the viewing angle was not greater than 30°from the midline of the stimuli. The class was arranged symmetrically in front of the stimuli, with equal numbers to the left and right of the midline. Order
Proc. R. Soc. Lond. B (2004) of presentation of the happy and sad images was blocked and balanced to compensate for any concentration loss, fatigue or facilliatory/inhibitory effects of prior emotional information. Order of presentation of the images within the happy and sad blocks was randomized so that no class saw the same sequence of images. In the happy condition, participants were asked to make a forced-choice discrimination between the left and right poses and indicate which image appeared happier. For the sad condition, participants indicated which image appeared sadder. Participants viewed each image for 15 s before making a written response ('a' or 'b'). Pre-tests revealed that this presentation time optimized participants' ability to assimilate the information while keeping the experiment within a reasonable time limit of 40 min.
RESULTS

(a) Part 1: movement analysis
To gain a measure of total movement for each face, inward and outward movements were changed into absolute measures. These values were then multiplied by the ratio of the area of the face showing that amount of movement relative to the area of the entire face. The movement data were analysed with ANOVA, with emotion (happy, sad) and side of face featured (left, right) as repeated measures. Figure 2 shows that facial movement was significantly greater in the happy than the sad condition (F 1,15 = 41.09, p Ͻ 0.001). Movement for the leftward portrait was significantly greater than movement for the rightward portrait (F 1,15 = 9.81, p Ͻ 0.05). The interaction between emotion and side (F 1,15 = 2.84, p = 0.11) was not significant. Although post hoc tests are not normally conducted on non-significant interactions, it was felt that they were justified in this instance because of their theoretical importance. These tests revealed that the leftward portrait moved more than the right in the sad condition (t 15 = 4.39, p Ͻ 0.05). By contrast, there was no significant difference in movement between the left and right portraits in the happy condition (t (15) = 1.06, p Ͼ 0.05). Given that participants were adopting natural smiling poses, and that the face is capable of greater movement, it seems unlikely that the symmetry observed for the happy condition is a statistical artefact of the increased movement associated with the happy, as opposed to the sad expression.
(b) Part 2: rating analysis A measure of response bias was obtained by subtracting the number of left responses (responses indicating a preference for the left side of the model's face to appear more emotional) from the number of right responses (responses indicating a preference for the right side of the model's face) and converting this to a percentage of the total number of trials. A positive value therefore indicates a bias for people to perceive the right side of the face as more emotional, whereas a negative score indicates a bias towards the left side of the face (Ϫ100 to ϩ100). Response bias refers to the left and right sides of the model's face, irrespective of whether the image was mirror-reversed.
A mixed model ANOVA revealed that the rater's gender had no main effect and did not interact with any of the within-subject factors. Gender was therefore removed from the analysis and the effect of emotion (happy, sad) and orientation (normal, mirror) on response bias was analysed with an ANOVA for repeated measures by subject (F 1 ) and item (F 2 ). The item analysis ensured that the effects occurred across all models, and that the data were not being skewed by a few outliers. Figure 3 shows a significant effect of emotion (F 1(1,356) Figure 3 shows a significant interaction between emotion and orientation (F 1(1,356) = 40.38, p Ͻ 0.001; F 2(1,15) = 24.56, p Ͻ 0.001). Post hoc analyses indicated that the preference for selecting the right side of the model's face in the happy condition was stronger when the images were in their normal orientation compared with when they were mirror-reversed (t (356) = 6.12, p Ͻ 0.001). Similarly, for the sad condition, the preference for selecting the left side of the model's face was stronger when the images were in their normal orientation compared with when they were mirror-reversed (t (356) = 2.59, p Ͻ 0.01). The magnitude of the effect of orientation was stronger for happy faces than for sad faces (t (356) = 2.29, p Ͻ 0.05) and this probably accounts for a significant main effect of orientation (F 1(1,356) = 5.22, p Ͻ 0.05; F 2(1,15) = 4.66, p Ͻ 0.05), whereby the data for normal orientations were shifted rightward compared with the mirror-reversed data. Although the response bias was reduced in some conditions, subsequent t-tests revealed that response biases were different to what would be expected by chance in all four conditions (d.f. = 356, all t-values more than 6.0 and p-values less than 0.001).
DISCUSSION
Movement analyses revealed that the face moves more during happy than sad expressions. This finding is consistent with Richardson et al. (2000) , who found happy expressions were associated with more facial movement than sad expressions. The analysis also revealed that movement was greater on the left than on the right side of the face, as has been found in other studies measuring facial movement (Dimberg & Petterson 2000) . Although there was no significant interaction between emotional valence and side of face, left-sided movement asymmetries were greater in negative than positive expressions, where no difference in hemifacial movement was apparent. Similarly, Borod & Caron (1980) found no asymmetries in movement for the expression of positive emotion, but more movement on the left for negative emotion (see also Borod et al. 1983) . This finding resonates with reviews of the literature (Borod 1993; Borod et al. 1997 Borod et al. , 1998 Skinner & Mullen 1991) , which find that left hemiface movement asymmetries are more pronounced for negative than for positive emotions, despite an overall lateralization to the left side irrespective of emotional valence.
The measurement technique used in the current study, which determines movement over the entire face, improves upon previous research, which relied on isolated muscles (Schwartz et al. 1979) or individual facial features (Wylie & Goodale 1988) . Despite these improvements, evidence for the valance hypothesis is not compelling and the strongest conclusion that can be drawn is that negative expressions of emotion are lateralized towards the left hemiface, whereas the lateralization of positive emotion is not clear. However, the present study was limited by the fact that movement was only measured when it occurred perpendicular to the surface of the face. Future research could make use of computer imaging techniques, which allow movement to be measured orthogonal and parallel to the surface of the face.
The results of the rating study show a robust bias for the right side of the model's face to appear happier and the left side of the face to appear sadder. These results offer strong support for differential hemispheric processing as a function of valence (Brockmeier & Ulrich 1993; Richardson et al. 2000) and demonstrate that relatively small turns of the head can bring about large changes in perceived emotionality. The results, although consistent with those reported by Yecker et al. (1999) , are inconsistent with most perceptual literature, particularly those studies using composite photographs. Generally, studies investigating hemifacial asymmetries using composite photographs Heller & Levy 1981; Asthana & Mandal 1997) , have found left-left composites to be rated more emotionally expressive than right-right composites, regardless of the valence of the emotion.
A strong effect of valence may be caused by a few aberrant images. However, item analyses confirmed that no particular model had an undue influence on these results. Therefore, the strong effect of valence appears to be related to the new technique used in this study. Composite photographs used in earlier studies are less naturalistic (Stringer & May 1981; Nicholls et al. 2002) than the images used in this study and may therefore obscure any valence effect. Why such a strong asymmetry in subjective ratings should arise in the absence of a strong effect of valence on movement asymmetries is hard to determine. However, it would appear that observers are able to discern subtle changes associated with the expression of emotion that the present movement analysis is unable to detect. Indeed, some important emotional cues, such as blushing (Cutlip & Leary 1993) and pupil dilation (Janisse & Peavler 1974) occur without movement. In addition, the present analysis was not sufficiently sensitive to detect changes in wrinkling across the skin, which serve to 'amplify' movements and are an important indicator of emotional state (Bartlett et al. 1999) .
The effect of emotional valence on response bias was moderated by the orientation of the image. Unlike previous research investigating emotionality in portraits (Nicholls et Proc. R. Soc. Lond. B (2004) al. 2002), this study found that the preference for selecting the left side of the model's face in the sad condition was reduced when the image was mirror-reversed. Similarly, the rightward bias in the happy condition was diminished when the image was mirror-reversed. The fact that mirror reversal had only a moderating effect and did not reverse or annul the bias demonstrates that the perceptual biases are primarily tied to the physiognomy of the model's face. That is, the left and right sides of the face appear sadder or happier (respectively) irrespective of the orientation of the image. However, the moderating effect of orientation does suggest that the effect of valence is maximized when the portraits are in their normal orientation. Thus sad images, which feature the left face, look even sadder when they are arranged so their heads are turned rightwards (and vice versa for happy images). This effect could be related to left and right hemisphere specialization for the perception of negative and positive emotions, respectively (Natale et al. 1983) . Inspection of figure 1a reveals that information-laden features, such as the mouth, fall mainly to the viewer's left for portraits featuring the left hemiface and to the right in portraits featuring the right. As a result, sad images showing the left side of the model's face arranged in their normal orientation may facilitate the perception of sadness because features, such as the mouth, fall into the viewer's left hemispace, which is preferentially processed by the right hemisphere (see Levy et al. (1983) for a discussion of the mechanisms underlying this perceptual asymmetry). Similarly, happy images featuring the right hemiface in the normal orientation may facilitate the perception of happiness because the mouth falls in the viewer's right hemispace, which is preferentially processed by the left hemisphere. The effect of orientation was larger for happy images than for sad, resulting in a main effect of orientation. The larger effect of orientation for happy faces may reflect a larger perceptual asymmetry for the perception of this emotion.
In summary, the 3D image analysis used in this study has provided a new insight into hemifacial asymmetries for the expression of emotion. Although the movement analysis provided modest support for the valance hypothesis, the rating study demonstrates that strong asymmetries exist for the expression of happiness and sadness. The discrepancy between the two measurement techniques highlights the sensitivity with which human observers are able to detect subtle changes in the face. The study also demonstrates, using relatively natural portraits, that comparatively minor turns of the head have a dramatic effect on perceived emotionality. Turning the head to the left or right has the potential to be an important component of non-verbal expression and could affect communication in an every-day setting (see Nicholls et al. 1999) . Given the universality of human expression, where a smile means the same thing all over the world (Ekman 1980) , and the long phylogenetic history of asymmetries in facial expression (Hook-Costigan & Rogers 1998) , it is tempting to suggest that head turning is also part of an innate repertoire of non-verbal communication.
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